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Objective: To examine whether trends in smoking behaviour in Western Europe between 1985 and 2000
differed by education group.
Design: Data of smoking behaviour and education level were obtained from national cross sectional
surveys conducted between 1985 and 2000 (a period characterised by intense tobacco control policies)
and analysed for countries combined and each country separately. Annual trends in smoking prevalence
and the quantity of cigarettes consumed by smokers were summarised for each education level. Education
inequalities in smoking were examined at four time points.
Setting: Data were obtained from nine European countries: Norway, Sweden, Denmark, Finland, the
United Kingdom, the Netherlands, Germany, Italy, and Spain.
Participants: 451 386 non-institutionalised men and women 25–79 years old.
Main outcome measures: Smoking status, daily quantity of cigarettes consumed by smokers.
Results: Combined country analyses showed greater declines in smoking and tobacco consumption among
tertiary educated men and women compared with their less educated counterparts. In country specific
analyses, elementary educated British men and women, and elementary educated Italian men showed
greater declines in smoking than their more educated counterparts. Among Swedish, Finnish, Danish,
German, Italian, and Spanish women, greater declines were seen among more educated groups.
Conclusions: Widening education inequalities in smoking related diseases may be seen in several
European countries in the future. More insight into effective strategies specifically targeting the smoking
behaviour of low educated groups may be gained from examining the tobacco control policies of the UK
and Italy over this period.
T
obacco is one of the greatest public health concerns in
western Europe1 and many policies and health promotion
campaigns have been implemented, especially over the
past two decades. Currently, smoking related diseases occur
more frequently among lower educated groups in most
countries in the region, and smoking is an important
contributor to disease inequalities.2–4
Smoking is thought to diffuse through populations like an
epidemic, characterised by increasing prevalence rates that
peak and then decline. Northern European countries are
considered more advanced in the epidemic than southern
European countries.3 Low educated groups are thought to be
10–20 years behind in the epidemic compared with their
higher educated counterparts.3
Data from a range of countries have shown that the
education gradient in smoking is showing signs of increasing
in some countries, particularly among women.5 However,
there have been no analyses of trends in smoking behaviour
of different education groups over the past two decades in
western Europe. Furthermore, few studies have incorporated
data from a range of countries, as well as provided an
international overview aimed to identify common trends, and
country variations in these. This study aims to examine
trends in the smoking behaviour of men and women from
different education backgrounds in several western European
countries over the period 1985 to 2000. A secondary aim is to
examine whether these trends follow a north to south gradi-
ent by country in progression through the smoking epidemic.
METHODS
Surveys and respondents
Data were obtained from cross sectional national health
or multi-purpose surveys conducted in nine countries,
representing the major geographical regions of Western
Europe: four northern European countries (Norway,
Sweden, Denmark, and Finland), three central countries
(the United Kingdom, the Netherlands, and West Germany),
and two southern European countries (Italy, Spain). Surveys
collected information on participants’ education and tobacco
smoking behaviour, survey details are provided in table 1.
Smoking and education data were available for a total of
451 386 participants (all surveys and countries combined).
Table 1 shows response rates ranged from 56% to over 90%,
but were above 70% for most countries and time points. This
study was restricted to participants aged 25–79 years.
Tobacco smoking behaviour
Smoking status was ascertained by the following questions:
Do you smoke daily? or Do you smoke at the moment, or
have you smoked previously? In the second question,
smoking on a daily basis was provided as a response option.
Participants were dichotomised according to whether or not
they were current smokers. Current smokers were defined as
those consuming tobacco on a daily basis in the form of
pipes, cigarettes, and/or cigars. Non-smokers included parti-
cipants who were occasional smokers (did not smoke daily),
never smokers, or former smokers. Current smokers were
asked how many cigarettes, cigars, or pipes they consumed
daily. One cigar, one pipe, and one gram of tobacco were
regarded as the equivalent of one cigarette. Total daily
consumption of cigarettes was summarised as a continuous
variable.
Education level
Education was used as a socioeconomic indicator and was
selected on the basis of a number of considerations. Firstly, it
395
www.jech.com
 on 25 October 2006 jech.bmjjournals.comDownloaded from 
was available for men and women, regardless of whether
they were in the workforce. It is comparable between
countries (where income is less so) and it is a comparatively
stable socioeconomic indicator over time, as it does not
change to a large degree among adults over 25 years of age.
Additionally, it was the only SEP indicator that was
measured in each country in the study. Education levels
were re-grouped into a comparative classification for the
combined country analyses, consisting of four categories:
elementary (no education completed, elementary school
only), lower secondary (intermediate high school, intermedi-
ate vocational education), higher secondary (higher levels of
secondary school, higher vocational education), and tertiary
(post-secondary education). In country specific analyses,
these four categories were collapsed into two: the low
education group consisted of participants with elementary
level education and all higher levels were re-grouped in the
high category. Table 1 provides details of the proportions in
the low education category.
Analyses
Analyses were performed for all countries combined, and for
each country separately. All analyses were stratified by sex. In
the combined country analyses, the data from each survey
within each country were pooled into four survey periods to
calculate inequalities at given points in time. These time
points were 1985, 1990, 1995, and 2000. Denmark and the
Netherlands were excluded from the combined country
analyses, as data from these countries were only available
for three time points. Weights were calculated and applied to
the data in all combined country analyses, so that each
country had equal representation. Combined country ana-
lyses were also adjusted for country to take into account the
fact that the education distributions and smoking prevalence
differed between countries. Participants with incomplete or
missing data on smoking behaviour or education, or both,
(n=15753, 3.5%) were excluded from all analyses. Those
identified as non-smokers were excluded from analyses of
the quantity of cigarettes consumed. Participants from
Sweden were also excluded from analyses of the quantity
of cigarettes consumed, as these data were not collected in
Sweden.
Annual trends were determined by entering education
level, age, and the year of survey as independent variables
into the logistic regression and general linear models (linear
least squares regression models), with smoking status and
quantity of cigarettes consumed as dependent variables,
respectively. The regression coefficient and standard error of
the year of survey term were used to calculate the slope
estimate. The slope estimate was considered statistically
significant if the 95% confidence interval surrounding it
excluded zero. An interaction term was entered into these
models and the type III sums of squares were used to
evaluate whether trends differed by education group.
Table 1 Survey characteristics in participating countries
Country Survey years Survey name Response rate
Proportion with low
education (sex
combined)
Number of respondents 25–79 years
Men Women
Norway 1985 Smoking prevalence and
social surveys
58 31.9 990 996
1990 58 25.6 1005 1051
1995 58 20.6 600 584
2000 58 15.9 584 634
Sweden 1988–1989 Swedish survey of living
conditions survey
86 37.2 4987 5143
1992–1993 86 28.9 4916 4955
1996–1997 86 26.3 4668 4908
2000–2001 85 21.8 4604 4886
Finland 1986 Finnish health behaviour and
health survey
82 48.1 1414 1670
1991 82 36.6 1380 1576
1996 72 28.7 1330 1525
2001 70 22.0 1272 1467
Denmark 1987 Danish health and morbidity
survey
80 36.0 1820 1875
1994 78 25.1 1798 1956
2000 74 19.2 6783 6958
United Kingdom 1984 General household survey 83 53.6 6764 7850
1990–1991 83 45.0 6700 7612
1994–1995 82 38.9 6430 7551
2000–2001 68 27.7 6019 6558
Netherlands 1990 National health survey 56 22.8 2405 2506
1995 59 22.8 3102 3250
1999 56 18.7 3067 3237
Germany 1984 German national health
survey
66 66.7 2417 2373
1987 71 64.4 2620 2644
1990 69 60.2 2590 2665
1998 61 51.2 1724 1840
Italy 1986–1987 Population health conditions
and use of healthcare services
survey
92 52.0 23591 25152
1990–1991 89 44.4 21335 22560
1994 86 39.2 19917 21323
1999–2000 87 35.9 47221 50498
Spain 1987 Continuing health survey 90 39.8 10855 12032
1993 90 17.8 7775 8411
1995 85 16.2 2352 2602
1997 85 8.0 2373 2603
*Those with no/elementary education only. Only includes participants of the former West Germany.
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In the combined country analyses, current smoking rates
and quantity of cigarettes consumed were calculated for each
education group. These rates were age adjusted according to
the direct method, using the age distribution of the European
population as the standard. All further analyses were
adjusted for age, which was entered as a continuous covariate
into the models. Differences in smoking prevalence or
cigarette consumption between education groups were
determined by the Tukey test.
The magnitude of education inequalities in smoking was
measured by calculating the relative index of inequality (RII)
(with 95% confidence intervals). The RII was chosen as it
takes into account differences in smoking between education
groups separately, but also takes into consideration the
changing education distribution of the population. This was
an important factor, as there are pronounced changes in the
education distribution of the population over time, with
populations becoming more educated.
For calculation of the RII, the relative position of each
education group in the population education hierarchy was
determined, and this was entered into the models as the
percentage of the population with a higher education level (a
continuous variable). This continuous education variable was
related to smoking status and quantity of cigarettes
consumed using logistic regression and general linear models
(linear least square regression), respectively. In the analyses
summarising education inequalities in smoking prevalence,
the RII can be interpreted as the odds ratio between
participants with the lowest education compared with those
at the highest end of the education distribution. In analyses
of education differences in the quantity of cigarettes
consumed, it is interpreted as the difference in the quantity
of cigarettes consumed between education groups at the
extreme ends of the education range.6 7 Differences in the RII
between time points were determined by examining whether
RIIs had overlapping confidence intervals. To observe time
trends, the RIIs at 1985 were compared with those of
subsequent time points.
All analyses were conducted using SPSS version 10.0.7
(Chicago, IL). Variables or interaction terms entered in the
models described above that were significant at p(0.05 (two
tailed) were considered to be significant.
RESULTS
Trends in smoking: countries combined
Table 2 shows that in the combined country analyses,
smoking was most prevalent among elementary educated
men and women at all time points. When countries were
analysed separately (results not shown), smoking was most
prevalent among low educated men and women. The only
exceptions to this finding were among Italian and Spanish
women, where smoking was most prevalent among the high
educated. Table 2 also shows there were no linear trends or
statistically significant changes in inequalities in smoking
seen among men during the period. However, a significant
increase in inequalities in smoking among women was
evident between 1985 and 2000, as seen by non-overlapping
confidence intervals between 1985 and subsequent time
points.
Figure 1 shows there were statistically significant annual
declines in smoking among men from all education levels (all
Table 2 Combined country smoking inequalities and smoking by education level among
several Western European countries between 1985 and 2000 (25–79 years of age)*
Education
level
Age standardised prevalence of current smoking (%)
1985 1990 1995 2000
Men
1 (low) 44.88 43.74 39.50 36.30
2 40.40 38.88 35.22 35.94
3 39.14 31.05 27.49 27.17
4 (high) 28.87 26.60 25.71 22.56
RII (95% CI) 2.63 (2.34 to 2.95) 3.17 (2.81 to 3.56) 3.08 (2.67 to 3.55) 2.67 (2.30 to 3.11)
Women
1 (low) 25.94 29.82 29.63 31.49
2 24.70 25.56 24.83 24.94
3 22.74 21.55 21.89 21.04
4 (high) 18.83 18.62 17.67 16.61
RII (95% CI) 1.53 (1.33 to 1.75) 2.21 (1.91 to 2.57) 2.67 (2.26 to 3.14) 3.16 (2.67 to 3.75)
*Adjusted by age and country. Countries included: Norway, Sweden, Finland, UK, Germany, Italy, and Spain.
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Figure 1 Annual change in smoking
prevalence between 1985 and 1990 by
education:several Western European
countries combined (25–79 years).
Adjusted by age and country. Countries
included: Norway, Sweden, Finland,
UK, Germany, Italy, and Spain.
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confidence intervals of the annual change estimates were less
than 0). Men with a higher secondary education showed
significantly larger declines than their lower secondary and
tertiary educated counterparts (p value interaction ,0.01). A
linear effect of education level on annual change in smoking
was evident among women (p value interaction ,0.01), with
the tertiary and higher secondary educated women illustrat-
ing significant declines. A significant increase in smoking
was seen among elementary educated women, and the
increasing trend in smoking prevalence seen among lower
secondary educated women only reached borderline statis-
tical significance (the lower bound of the confidence interval
just reached zero).
Trends in smoking: country specific
Figures 2 and 3 show annual trends in smoking of each
education groups and country for men and women,
respectively. Figure 2 shows that less educated British and
Italian men had greater declines in smoking than their more
educated countrymen (p value interaction ,0.01 for both
countries), however education differences in trends only
reached borderline significance among Italian men (p value
interaction 0.08). Greater declines in smoking among the less
educated were also seen among Norwegian, Finnish, Dutch,
and Spanish men, however they were not significantly
different from those with more education. More educated
Swedish and Danish men had slightly larger (although not
different) declines in smoking compared with their less
educated counterparts (p value interaction 0.27 and 0.15 for
Swedish and Danish men, respectively).
Figure 3 shows that education differences in smoking
trends were seen among women in almost all countries
examined, but only reached significance among Swedish,
Finnish, Danish, German, Italian, and Spanish women (p
value interactions ,0.05 for all countries). In these countries,
more educated women showed the most favourable trends in
smoking compared with the less educated group. A similar
pattern was seen among Norwegian women, but differences
between the education groups were not significant (p value
interaction 0.37). Greater declines in smoking were evident
among less educated British women compared with their
more educated counterparts, this difference reached
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Figure 2 Annual change in smoking
prevalence between 1985 and 2000 by
country and education: men (25–79
years). Adjusted by age. L, low
education group; H, high education
group.
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Figure 3 Annual change in smoking
prevalence between 1985 and 2000 by
country and education: women (25–79
years). Adjusted by age. L, low
education group; H, high education
group.
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borderline significance (p value interaction 0.08). Among
Dutch women, there was no difference in smoking trends
evident between education groups (p value interaction 0.48).
Quantity of cigarettes consumed by smokers
Table 3 shows that education inequalities in the quantity of
cigarettes consumed were significant at all time points for
men and women, with tertiary educated smokers consuming
less cigarettes in comparison with smokers from all other
education groups (p values of all comparisons ,0.05). The
magnitude of inequalities in tobacco consumption did not
change significantly among men and women over the time
period examined (the confidence intervals around the RIIs
overlapped at all time points).
Figure 4 shows graded education effects in annual changes
in the quantity of cigarettes consumed among both men and
women (p value interaction ,0.01 for both men and
women). Figure 4 shows that the quantity of cigarettes
consumed by smokers increased annually among men and
women with elementary and lower secondary education and
among women with higher secondary education. Trends in
tobacco consumption showed no statistically significant
increasing or decreasing tendency among higher secondary
educated men and tertiary educated women (confidence
intervals of annual trends included the null). A statistically
significant decline in the quantity of cigarettes consumed was
seen among tertiary educated men (annual trend and
confidence interval were below 0).
DISCUSSION
Summary of findings
The results of the combined country analyses showed that
smoking declined less among low educated men and women
compared with their more educated counterparts.
Pronounced education differences in smoking prevalence
trends were seen among Swedish, Finnish, Danish, German,
Italian, and Spanish women. Reverse education differences
(where declines were greatest among the low educated
groups) were seen among British men and women, and
among Italian men. The findings support the view that in the
region as a whole, initiatives may have been most effective in
stabilising or cutting down tobacco consumption among high
educated men and women. In the country specific analyses,
greater declines among men were mostly seen for those with
less education. This contrasts with the pattern for women,
where greater declines were more common among those with
higher education.
Study limitations
A number of limitations need to be acknowledged before the
findings are discussed in relation to the literature and
implications of the study are stated. One limitation relates
to the use of different sampling methodologies, interview
procedures, and questions between countries. All surveys
incorporated in this study relied on self reported smoking
status, which may have led to some underestimation of
smoking prevalence. Survey participation rates varied from
Table 3 Quantity of cigarettes smoked by smokers among several Western European
countries between 1985 and 2000 (25–79 years of age)*
Education level
Age standardised daily tobacco consumption (number of cigarettes or equivalent)
1985 1990 1995 2000
Men
1 (low) 14.88 15.33 15.49 15.50
2 14.01 15.49 14.73 14.30
3 14.15 14.88 14.15 13.60
4 (high) 14.43 14.01 13.74 12.55
RII (95% CI) 1.48 (1.35 to 1.60) 1.27 (1.16 to 1.39) 1.43 (1.32 to 1.55) 1.57 (1.38 to 1.77)
Women
1 (low) 11.70 11.82 11.25 11.36
2 9.49 11.59 11.82 11.24
3 10.70 11.70 11.24 12.30
4 (high) 9.03 10.38 10.18 9.97
RII (95% CI) 1.45 (1.28 to 1.65) 1.43 (1.30 to 1.57) 1.57 (1.43 to 1.70) 1.40 (1.26 to 1.57)
*Adjusted by age and country. Countries included: Norway, Finland, UK, Germany, Italy, and Spain.
2.5
2
1
1.5
0.5
0
–0.5
–1
–1.5
Education level
Men Women
A
nn
ua
l c
ha
ng
e 
in
 c
on
su
m
pt
io
n
(%
, 9
5%
 C
I)
El
em
en
ta
ry
Lo
w
er
se
co
nd
ar
y
H
ig
he
r
se
co
nd
ar
y
Te
rti
ar
y
El
em
en
ta
ry
Lo
w
er
se
co
nd
ar
y
H
ig
he
r
se
co
nd
ar
y
Te
rti
ar
y
Figure 4 Annual change in daily
tobacco consumption between 1985
and 2000 by current smokers by
educational level: several Western
European countries combined (25–79
years). Adjusted by age and country,
Countries included: Norway, Finland,
UK, Germany, Italy, and Spain.
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56% to over 90%. There was a large decline in response rate in
the last UK survey, in which lower socioeconomic groups
were less likely to participate,8 therefore these results should
be interpreted cautiously. Furthermore, the combined coun-
try analyses included countries differing in their stage of the
smoking epidemic. While the combined country analyses
provide an indication of trends in the region, they may not
reflect those of individual countries, particularly deviating
countries (specifically, Italy and Spain).
Findings of other research
Previous studies have shown declining trends in smoking
over the past two decades among men in northern, central,
and southern European countries,9–15 and an overall stabilisa-
tion among women in most countries.10–14 Similar to this
study, marginally larger declines in smoking have been seen
among high educated Danish men compared with their less
educated counterparts.11 12 Previous research in Sweden has
illustrated no obvious education differences in smoking
trends among men,10 whereas our results suggest declines
were greater among the high educated. Other studies in Italy
have shown greater declines in smoking among high
educated men compared with their less educated counter-
parts,13–15 whereas this study illustrated greater declines
among the less educated. These discrepancies are presumably
attributable to the greater number of time points and longer
time period examined in this study, with the inclusion of data
up until 2000. Declining inequalities in smoking have been
reported among British men from the mid-1980s to the early
1990s,2 which corresponds with the findings of this study.
The findings among women correspond to those in the
literature, which show net increases among low educated
groups reported in Finland,9 Germany,16 Italy,13 15 and
increases found among disadvantaged women in Spain.17 18
Our study also illustrated the significant socioeconomic
inequalities in current smoking trends, similar to other
findings reported in the literature for Sweden,10 Denmark,11 12
Germany,16 Italy,13 15 and Spain,17 18 with lower educated
groups having the least favourable trends.
Cigarette consumption
A smaller body of literature has reported socioeconomic
differences in population trends in the quantity of cigarettes
that smokers consume. There is considerable cross sectional
evidence in the literature that lower educated smokers
consume larger quantities of cigarettes than their more
educated counterparts.11 15 17 19 20 Among individual smokers,
cohort studies show that tobacco consumption generally
increases over time, a consequence of the addictive effects of
nicotine.15 Among tertiary educated men, both prevalence
and cigarette consumption declined, showing that among
this group there was a net movement of smokers quitting and
decreasing their cigarette consumption. Among elementary
and lower secondary educated women, both prevalence and
cigarette consumption increased simultaneously, suggesting
there was an overall movement of women starting and
becoming more addicted to smoking in these groups.
Prevalence and cigarette consumption trends among women
with higher secondary education showed that there was a
large group of smokers becoming increasingly addicted.
Among tertiary educated women, declining prevalence and
stable cigarette consumption were seen. These trends show
that among this education group, some smokers were
becoming increasingly dependent, but this was offset with
smokers decreasing their consumption or quitting, or both.
Overall, the findings show higher educated groups may have
a more active commitment toward quitting.
The smoking epidemic model
Trends in this study can be explained by the smoking
epidemic model.17 Northern European countries are consid-
ered to be in stage 4, characterised by reductions in smoking
among men from all education groups, but greater reductions
among those from lower education groups. Southern
European countries are thought to be in stage 3, which is
depicted by declines in smoking among men but increases
among women, and central countries are considered to lie
somewhere in between.3 Most findings of this study support
this, however trends among the Finnish did not fit the north-
south pattern, as they were more typical of late stage 3 of the
epidemic. If trends continue to follow this model, education
inequalities in smoking may increase among women in
Finland and in southern Europe over the next 5–10 years,
before declines in smoking behaviour are seen among lower
socioeconomic groups. The findings of this study also support
the hypothesis that women are somewhat behind their
progression through the smoking epidemic, evidenced by
greater declines among more educated women in many of the
countries compared with greater declines among less
educated men in most countries. Despite country variations
in the stage of the smoking epidemic, inequalities in smoking
seem to constitute a problem whose roots are common to all
European countries.
A noteworthy finding was that smoking decreased more
rapidly among low educated British and Italian men
compared with their more educated counterparts. It must
be noted here that this finding from the UK should be
interpreted cautiously, because of the large decrease in
response rate between the third and fourth surveys and the
participation bias under-representing low educated groups.
An influential factor that decreases smoking, and that
possibly contributed to the education differences in trends
seen among British and Italian men is the price of cigarettes.
A pricing policy was active throughout the study period in
both countries and the price of cigarettes increased more
rapidly in these countries in comparison with other countries.
Other policies that have been shown to be particularly
effective for decreasing smoking among low educated groups
are bans/restrictions on advertising and promotion of tobacco
products, smoking in indoor workplaces, telephone help
lines, and free/subsidised access to smoking cessation
therapies.21 In the UK other measures have also been
implemented over the study period to assist low educated
groups to quit smoking, such as free access to nicotine
replacement patches, smoking clinics in disadvantaged
Key points
N The past two decades saw a rise in tobacco control
policy aimed at discouraging smoking in Western
Europe, however there has been no examination of the
corresponding trends in smoking behaviour of different
education groups in over this period.
N The findings show that there have been pronounced
inequalities in smoking trends in a number of countries,
with declines being less among low educated groups,
showing that education inequalities in smoking related
disease may increase in the future.
N The opposite trends were seen among British and
Italian men, with greater declines noted among the
least educated. This may be the consequence of the
implementation of tobacco control policies that effec-
tively reach and target the behaviour of low educated
groups in these countries.
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neighbourhoods, and the provision of telephone quit lines,
and these may have contributed to greater declines among
the less educated. In Italy, bans/restrictions on the advertis-
ing and promotion of tobacco products and smoking in
indoor workplaces were implemented and cessation clinics
and telephone help lines were also introduced over the period
studied, and these may have also contributed to the
education differences in the trends seen.
Conclusion/implications
The results of this study show that smoking trends from the
1980s to the current time differed between education groups
in the combined country and some country specific analyses.
In combined country analyses, smoking declined least among
low educated groups. One potential contributing factor to
these findings is that tobacco control efforts and policies
adopted over this period were not equally effective in
changing the behaviour of different education groups, or
that policies affected education groups differently. Efforts
should be directed toward understanding whether tobacco
control policy has similar effects by education group for men
and women, and between countries. Additional knowledge is
required to determine why quit attempts are less successful
among low educated groups. Further research is justified to
examine the effects of the price of cigarettes on the smoking
behaviour of different education groups across a number of
countries, and to investigate the tobacco control efforts in
countries where greater declines among disadvantaged
groups were evident.
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